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Abstract
Energy shortage and environmental pollution mainly caused the global energy crisis which led to serious impact on
human survival and development. Microbial fuel cells (MFCs) exactly meet the requirements to alleviate the global
energy crisis because it has the ability to treat the wastewater and produce electricity concurrently. MFCs are
considered as one of the promising technology in the wastewater treatment technology. The power output depends
on various factors such as substrate degradation, electrode material, rate of electron transfer from bacteria to the
anode, circuit resistance, proton mass transfer in the liquid, external operating conditions and so on. Electrode
material is one of the key factors which affect the performance of MFC. Therefore, it is of great significance to
select and develop suitable electrode materials to optimize and promote the performance of MFCs. Each electrode
material has its own physical and chemical properties such as surface area, electric conductivity and chemical
stability. In this research, we have tested two different electrode materials such as; polyacrlyonitrile carbon felt
(PACF) and single forward carbon cloth (SFCC) to study the effects of different electrode materials on MFC
performance. The results showed that MFC with SFCC using raw POME showed high power density (102.5mW/m2)
compared to PACF (45mW/m2). But COD removal efficiency with raw POME of SFCC (43%) and PACF (45%)
were not shown much difference. The coulombic efficiency of 1:50 diluted POME reached upto 26% for SFCC
whereas for PACF 24% was achieved. SFCC achieved the highest coulombic efficiency and power output than
PACF, indicating SFCC facilitate the biofilm formation and improve power generation.
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1. Introduction
During the last century, fossil fuels have been the main energy source, but its scarcity and high consumption rate
as well as the environmental problems related to the CO2 emissions caused by fossil fuels have prompted a search
for alternative energy sources. In parallel, the overall reduction in water-source quality suggests the need for novel
technologies for the treatment and reuse of the wastewaters generated [1]. Microbial Fuel Cell (MFC) is one of the
promising technologies that harness the natural growth mechanisms of particular bacterial species in order to
produce electrical current. MFCs exactly meet the requirements to alleviate the global energy crisis because it has
the ability to treat the wastewater and produce electricity concurrently [2]. Therefore it has become a major research
area in many countries. However, these MFC research still remained as scientific curiosity due to its low power
production [3]. Most could achieve a considerable chemical oxygen demand (COD) removal efficiency
accompanied with electricity generation. MFCs recently become attractive again for electricity generation, providing
opportunities for practical applications. A variety of readily degradable compounds such as glucose and acetate, and
various types of wastewater such as domestic, starching and paper recycling plant wastewater, have operated
successfully as substrate in MFC [4-9].
Malaysia is the second largest producer of palm oil together it also produces huge amount of wastewater. During
the production of 1 tonne crude palm oil, more than 2.5 tonnes of POME (palm oil mill effluent) is produced [10].
Typically, the average chemical oxygen demand (COD) and biochemical oxygen demand (BOD) in the POME are
about 50,000 and 25,000 mg/L, respectively [11]. Since POME contains high concentrations of oil and grease,
organic matter, suspended solids (SS) and plant nutrients, it can cause considerable environmental problems if
discharged without effective treatment. Nowadays, palm oil mills face a huge challenge in meeting increasingly
stringent environmental standards. Current wastewater treatment methods are available to treat POME (palm oil mill
effluent) waste water but they require large treatment areas, long retention times and consumes high energy [12].
Therefore, MFC could be an alternative because it can treat POME as well as produce electricity which can be used
for treating wastewater itself. The power output of MFC depends on various factors such as substrate degradation,
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electrode material performance, rate of electron transfer from bacteria to the anode, circuit resistance, proton mass
transfer in the liquid [13] external operating conditions and so on. For the past ten years, the power density obtained
from MFC is increased exponentially due to the development in membrane materials, electrode materials and
designs. Even though the improvements in this field are significant, the large scale application of MFCs is still
immature as per the requirement due to its high cost and low power generation. Electrode material is one of the key
components in deciding the performance and cost of MFCs. Each electrode material has its own physical and
chemical properties such as surface area, electric conductivity and chemical stability. Consequently, it also differs in
making impact on microbial attachment, electron transfer, electrode resistance and the rate of electrode surface
reaction. Therefore, it is vital to select and develop the appropriate electrode materials for optimization and to
improve the electrode surface reaction [14]. In this study, different electrode materials have used to investigate the
effect of electrode material on the performance of microbial fuel cell.
2. Materials and Methods
2.1 MFC construction
The MFC was made of glass material (borosilicate) and was fabricated in china (Shangai sunny scientific, china). It
consisted of two compartments; anode and cathode, with working volume of 1L. Single forward carbon cloth
(Shangai sunny scientific, china) and polyacrylonitrile carbon felt (Shangai sunny scientific, china) was purchased
and used as electrode material for the experiments. The anode and cathode compartments were separated by a
Naﬁon 117 membrane (Dupont Co., USA). The anode and cathode electrodes were connected by using copper wires
with a resistor to form a circuit. The fuel cells were operated at ambient temperature from 25 to 28°C.
Fig: 1 Microbial fuel cell
2.2 Measurement and analyses
The voltage and current across an external 1kΩ resistor was measured every 15 min by using digital multimeter with
data logger (Fluke 289) which recorded and stored the data. The polarization curves and power density curves were
plotted using the voltage and current data. Power density (Pv, W/m3) normalized by volume and power density
normalized by surface area (PA, W/m2) obtained were measured using the following equations:=
PAn =
Pv =
Where A = area of anode electrode (m2), P = power (W), V = the potential (v), v = Working volume of anode
(m3), R = external resistance (Ω) and I = current (A).
2.3 COD removal efficiency and Coulombic efficiency
COD was periodically checked by taking small amount of sample from the anode effluent for every 24hrs. The COD
removal efficiency was calculated using the data as follows
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COD removal efficiency =
The CE for complex substrates can be calculated for a fed batch system (Logan, 2008) as
Coulombic efficiency     = ∫ ∆
Where ∆ = Change in COD concentration, I= current, dt = change in time, VAn= volume of liquid in anode
compartment, F= Faraday’s constant (96485 C/mol e-). Where 8 is a constant, based on MO2 = 32 for the molecular
weight of o2 and b = 4 for the number of electrons exchanged per mole of oxygen. The COD of the anode efﬂuent
was determined using COD cell test kit (0 -1500-mg/l range; Hach, USA) and measured using a COD reader (Hach
DRB 200, USA) as instructed by the manufacturer. Polarization curves of the MFC were obtained by varying the
external resistance (50-200000 Ω) and recording the steady-state potential after a period of 15 minutes.
2.4 Sampling and Wastewater characterization
Raw POME and anaerobic sludge were collected from Felda palm oil industries located in Kuantan, Malaysia. The
Raw POME was collected before it discharge into the collection pond or mixing pond and the temperature of raw
POME at the discharge point was around 80°C to 90°C. Anaerobic sludge was obtained from bottom sampling port
of anaerobic treatment plant. The samples were transported to the laboratory in sterile 1000 ml Schott bottles placed
in ice and stored at -20ºC until use. The wastewater characteristics such as chemical oxygen demand (COD),
biological oxygen demand (BOD), total solids, total suspended solids, ammoniacal nitrogen, nitrate nitrogen and
total dissolved solids were analyzed based on standard methods [15].
3. RESULTS AND DISCUSSION
3.1 Performance of MFC with POME
Palm oil mill effluent was collected and characterized as shown in table 1. The MFCs fed with palm oil wastewater
as substrate and anaerobic sludge as inoculum for all the experiments. All the MFC operations were carried out for
about 15days.
Table 1: Characterization of palm oil wastewater
Parameters Values
COD (mg/l) 60600mg/L
BOD (mg/l) 24000mg/L
Total solids (mg/l) 24050mg/L
Total suspended solids (mg/l) 10040mg/L
Ammoniacal nitrogen (mg/l) 23 mg/L
Nitrate nitrogen (mg/l) 160 mg/L
Total dissolved solids (mg/l) 12900 mg/L
The performance of MFC treatment using different electrode materials were evaluated using wastewater treatment
efficiency by comparing before and after treatment values of wastewater parameters as shown in table 2.
Table 2: Efficiency of MFC treatment with different electrodes
Parameters Before MFC treatment After MFC treatment Removal %
COD (mg/l) PACF 60600mg/L 33200mg/L 45%
BOD (mg/l) 24000mg/L 13200mg/L 45%
COD (mg/l) SFCC 60600mg/L 33876mg/L 43%
BOD (mg/l) 24000mg/L 14100mg/L 41%
3.2 Effect of electrode material on COD
The COD removals of the palm mill wastewater in the MFC system over time are shown in Fig. 2 and
3. The figure 2 shows that SFCC MFC achieved maximum COD removal efficiency of about 63%, 55%, 47% and
43% with 1:50, 1:25, 1:1 and without dilution of initial COD respectively after 15days. Whereas PACF MFC
showed maximum COD removal efficiency of about 70%, 63%, 50% and 45% for MFC with 1:50, 1:25, 1:1 and
without dilution of initial COD respectively after 15days. This result shows higher COD removal than obtained by
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Jong et al. 2011[12] using graphite felt in MFC with POME (23%) and also shows that, MFC with PACF has
slightly higher COD removal efficiency than MFC with SFCC.
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Fig: 2 Profile of COD removal efficiency of SFCC Fig: 3 Profile of COD removal efficiency of PACF
MFC at different dilutions of raw POME with time MFC at different dilutions of raw POME with time
3.3 Effect of electrode material on CE
This graphs 4 and 5 depicts the coulombic efficiency of MFC varies with initial COD. The figure 4 shows
that coulombic efficiency of MFC with SFCC varies with different dilution of initial COD. We have successfully
shown that in using the MFC with SFCC, 63% of the organic content in the 1:50 diluted POME was removed and
26% of the available electrons were recovered as current but in the undiluted POME removed 43% of organic
content and only 0.88% of the electrons recovered as current. Whereas in figure 5, We have successfully shown that
using the MFC with PACF, 24% of the available electrons were recovered as current but from the undiluted POME
removed 45% of organic content and only 0.8 % of the electrons recovered as current after 15days of operation.
Low CE has been reported as a common issue in the MFC systems fed with real or complex wastewater. The main
reason for this has been proposed to be other available electron acceptors in POME consuming electrons, thus
lowering coulombic efficiency [13]. While among the electrode material used, MFC with SFCC has higher CE than
MFC with PACF.
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Fig: 4 Relationship between initial COD and Coulombic Fig: 5 Relationship between initial COD and Coulombic
efficiency of POME at different dilutions of SFCC MFC efficiency of POME at different dilutions of PACF MFC
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3.4 Polarization and power density curves
Polarization and power density curves were obtained for MFC with SFCC and PACF as anode and cathode
at different dilutions. MFC with Single forward carbon cloth (SFCC) at 1:1 dilution, 1:25 dilution, 1:50 dilution and
without dilution produced maximum power densities of about 60.20443 mW/m2, 41.74037 mW/m2 , 28.48076
mW/m2 and 102.5012 mW/m2 respectively whereas, maximum volumetric densities produced about 245.032
mW/m3, 283.1388mW/m3 , 193.19 mW/m3 and 417.1801 mW/m3 respectively. The maximum current densities
obtained were 250.44mA/m2, 111.9975 mA/m2, 123.8575 mA/m2 and 312.1867 mA/m2 at 50Ω for MFC with SFCC
at 1:1 dilution, 1:25 dilution, 1:50 dilution and without dilution of initial COD. Whereas MFC with PACF at 1:1
dilution, 1:25 dilution, 1:50 dilution and without dilution produced maximum power densities of about 27 mW/m2,
25mW/m2 , 22 mW/m2 and 45mW/m2 respectively whereas, maximum volumetric densities produced about 183
mW/m3, 169 mW/m3, 149 mW/m3 and 304 mW/m3 respectively. The results showed that SFCC has potential in
generating higher power density compare to PACF.
Fig: 6 Polarization and power density curves Fig: 7 Polarization and power density curves
of PACF of SFCC
4. Conclusion
In this study, Palm oil mill effluent has been treated in dual chamber microbial fuel cell using PACF and SFCC
whilst generating electricity. The results show that SFCC has significantly higher power density (102.5mW/m2) and
Coulombic efficiency (26%) than PACF (45mW/m2, 24%). Whereas COD removal efficiency of PACF (45%)
showed slightly higher than SFCC (43%). Both PACF and SFCC are inexpensive electrode materials and among
them SFCC showed better performance than PACF. So, using SFCC, cost of MFC might be reduced and also can
achieve enhanced performance. This result clearly shows that electrode material has major influence on power
generation, coulombic efficiency and COD removal efficiency. This sort of economical and good quality electrode
material can aid the MFC to scale up in the future. MFCs undoubtedly have potential in terms of energy recovery
during wastewater treatment. By the continuous improvement in electrode material, membrane and reactor design
research, MFC may occupy a market niche in terms of a stand-alone power source and also in the direct treatment of
wastewater.
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